,#AETHCD OF FABRI CATI NG TETRA- STATE MASK READ ONLY NEIVCRY BACKGROUNR, OF
HE | NVENTION Field of the Invention 5 The invention rel gDCﬁ334WEt od of

fabricating an integrated circuit, J%MMW”W@H“NﬂErtlcularly to a nethod of
fabricating an integrated circuit | sity, such as a
non-vol atile nulti-mask read only nmenory9¢ROM) . Description of the Related

Art 10 Being restricted by the technical linmt of designing a nenory, to
reduce the dinension of a nenory devijce, the technique of process needs to

be inproved. The conventiona r ef f ect
transi stor RMERHOGPE @M%BM%M%@&%Q)@%@ rr(é%%h%{ﬁml
conprises a single field effect device disposed at the intersection of a
paral |l el conductive line buried in the substrate and a 15 verti cal
conductive line formed on the substrate. The formation of each field effect

transi stor provides the chghckGrOWRED GH THE INVENTONr edet er mi ned val ues
depending on the characteristics of transistor, such as the threshold

vol t age. 0 annel region of a transistor, a higher threshold
vol t age |§M8 fgﬁﬁggﬂg$ﬁghtran5|stor i S not turned on by applying the

voltage Vcc to .gate. On the cont n

regi on,’ t he traig?ggﬁP“?%r?ﬂF%gﬂadwﬁ ({¥Eﬁﬁnc i 51Uﬂ999£9ﬁ§g§@t§<%ﬁgm

Binary data are stored into the nenory cell selectlvel dopi ng.the

channel regirongarlTHan ahodof fabgieingoam I“éeé’éft*téij é&fc‘i“ﬁ withy l“élth%sﬂtér S%ht*ﬁ %

doped channel region, and a logic "I" is stored in a transistor with an
undoped chagneblatikgh@ii-mask read only memory (ROM).

Description of the Related Art

10 Being restricted by the technical limit of designing a memory, to reduce the
dimension of a memory device, the technique of process needs to be improved. The
conventional ROM is assembled by an array of field effect transistor metal oxide
semiconductors (FET MOS). Each memory cell comprises a single field effect device
disposed at the intersection of a parallel conductive line buried in the substrate and a

15 vertical conductive line formed on the substrate. The formation of each field effec£
transistor provides the choice between either of tWo predetermined values depending on
the characteristics of transistor, such as the threshold voltage. By doping the channel
region of a transistor, a higher t_hreshold voltage is obtained.  The transistor is not turned
on by applying the voltage Vcc to the gate. On the contrary, with the undoped channel

20  region, the transistor is turned on by the voltage Vcc applied to the gate. Binary data
are stored into the memory cell by selectively doping _the channel regions. That is, a
logic “0” is stored in a transistor with a doped channel region, and a logic “1” is stored in
a transistor with an undoped channel region.

Fig. 1 1is a top view of a region (including four memory cells) of a conventional
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Fig.,l is a top viewof a region (including four nmenory cells) of a
conventlonal 2 mask ROM Referring to Fig. 1, a mask ROMis fornmed on a
substrate 10 having a P- type surface. The nask ROM conprises an array of
parallel buried bit lines 12, 14 and 16 which are N-type bit |ines forned
by sel ectively doping the substrate 10, and an array of parallel word
lines 18 and 20 expanding on the substrate 10. The array of word lines 5 18
and 20 is perpendicular to the array of bit lines 12, 14, and.116. In
addition, a silicon oxide layer is fornmed between two word [ines 18 and 20
for the purpeseROM.i sodfatringno FigNor, methisk, ROM & ftakd RO subst&ite U0 huvigg afp-
sharing a word line is adapted. The bit lines 12, 14, and 16 are the

sour ce/ dr ai S i 22,
30 CE S AR T 0 ROty the et i o8 e
I|nes 18 10 anpd, 20 are the cha neI ions of . fi.el ects. fransi stors.
H 0o s Sl PBEn S RISt i 6reGra b FR0R! adrife s biBid 1 AefBoas arly

Fig. 1. Referring to Fla. 2, to forma buried bit line, a proper nmask (not
shown on t h@fﬁarajh@?é/))ld knesUSeddi26 woveding he tsxupdsiraied 010 Thaarmy oy perdbpent

is inptanted into the substrate 10 to formbit lines 12, 14, and 16. The
doped subst r@atrel ADisipsritehéulputo thatacragof ernvineoyddt aaf 1 kb dnmgénohpaab&hwate
the dopant within the bit lines 12, 14, and 16, and to form an oxi de

layer. The gxide l:xabéeﬂronﬁ@d‘rgét'\\%%ﬁ t@ol RbANBesIAT Qnd”ﬁbq@r by SErp3% Qﬂqlst)ﬂ?lon
channel region 25 and 24, and a thicker OX|de | ayer 32 covering the bit

| 12, 1 k d f h
moer 1 e yer Negfl, by mbs Rk Sy g ool B S ety e gl Ry dogaR 1 n

the bit lines 12, 14 and 16 than the |ightly doped P-type ions in 20 the
channel regidnd. oml Hnareahe soareaddranesions Ahfi¢leste ﬂtﬁﬁéwﬂﬁ$é%é¥“@xm@éQ¥9W%r
32, a

22, 24, 26, and 28 connecting with the bit lines 12, 14, and 16 under the word lines 18

10 and 20 are the channel regions of field effects transistors.
Fig. 2 is a cross sectional view of a conventional ROM shown as 2-2” in Fig. 1.
Referring to Fig. 2, to form a buried bit line, a proper mask (not shown on the figure) is
used to cover the substrate 10 An N-type dopant is implanted into the substrate 10 to
form bit lines 12, 14, and 16. The doped substrate 10 is then put into an environment of
15 oxygen to activate the dopant within the bit lines 12, 14, and 16, and to form an oxide
layer. The oxide layer comprises a thinner gate oxide layer 30 on the channel region 22
and 24, and a thicker oxide layer 32 covering the bit lines 12, 14, and 16. The thicker
oxide layer 32 is formed because of the much larger oxidation diffusion rate of the heavily
doped N-type dopant in the bit lines 12, 14 and 16 than the lightly doped P-type ions in
20 the channel regions 22 and 24. After the formation of the thicker oxide layer 32, a
doped poly-silicon layer is formed on the gate oxide layer 30 and the thicker oxide layer
32, The poly-silicon layer is then defined to form a gate electrode 18 of the field effect
transistor.  The gate electrode is used as a word line in the ROM.

As the size of the memory becomes smaller and smaller, the width of the buried



doped poly-silicon layer is fornmed on the gate oxide layer 30 and the

thi cker oxide |layer 32. The poly-silicon layer is then defined to forma
gate electrode 18 of the field effect transistor. The gate electrode is
used as a word line in the ROM As the size of the nenory becones snaller
and snmaller, the width of the buried 3 bit Iines becones narrower and
narrower. The space of the bit line also shrinks further. The smaller the
bit line is, the larger the resistanc$%is obt ai ned. Thus, the speed to
access the data in a ROMis sl ower. e _dinensiqn of. a transi stor, i
|imited i nbit Hees heorrspeeareaWaRNMIEONEEs SpeaRpce & it Brndlso R S fyfer
conventional nmulti-state nmethod 5 of fabricating a ROMis very conpl ex.
Mor eover, The kfalldi fifd tiulide it,ahe bingarohe tehistados mgdtdioed.  {Thesftbe apacd 6o aodess
different threshold voltage, and therefore, it is difficult to obtain a

larger dapg 34Qr a0g- rREMWYMARY oWler THERE NYENASION 40 al trahsstbhes aintited an thdj ect
of the invention to provide a nethod of fabricating tetra- state nask ROM

Using a fabricating techni que of hi ' t i b,

doubl'e 1 ayEredeHar Y raarcor Sula iy HY LEEhSLRn B ek angd
having four threshold voltage is formed. \y_thedh%aqsistorshgf different
char act &ri of fabgcatinger RQY tsivepi ot a9 V6tV Ehging Agfiof .
The storing density is increased within 15 limted di nension and space. To
achi eve t hdsefoabjitent of dificreadthasshalde|tagndinid nhereoe.danceligilt o elieingulapisse of
the invention, as enbodied and broadly described herein, the invention is

directed tQuar€sagc@ nethod of fabricating a tetra-state mask read only
menory. A sem conductor substrate having a gate oxide |ayer, a first
poly-silicon layer, a plurality of source/drain

SUMMARY OF THE INVENTION

10 It is therefore an object of the invention to provide a method of fabricating tetra-
state mask ROM. Using a fabricating technique of a thin film transistor to fabricate
double layered memory transistors sharing the same gate oxide layer. A ROM having
four threshold voltage is formed. By the transistors of different characteristics, the
multi-bit data are stored in a single memory unit.  The storing density is increased within

15  limited dimension and space.
.To achieve these objects and advantages, and in accordance with the purpose of
the invention, as embodied and broadly described herein, the invention is directed towards
a method of fabricating a tetra-state mask read only memory. A semiconductor
substrz'ite having a gate oxide layer, a first poly-silicon layer, a plurality of source/drain
20  regions, and a plurality of channel regions is provided. A first coding step is performed
to a part of the channel regions, by using a first photo-resist layer as a mask and doping
the part of the channel regions. A thin film transistor oxide layer is formed over the
substrate. A plurality of via holes are patterned to expose the source/drain regions, by

removing a part of the thin film transistor oxide layer and the gate oxide layer. A second



20 regions, and a plurality of channel regions is provided. A first coding
step is perforrred to a part of the channel regions, by using a first
photo-resi st |ayer as a mask and doping the part of the channel regions. A
thin filmtransi stor oxide layer is forned over the substrate. A plurality
of via holes are patterned to expose the source/drain regions, by renoving
a part of the thin filmtransistor oxide |layer and the gate oxide |layer. A
second 4 poly-silicon layer is fornmedon the thin filmtransistor oxide

| ayer. Usi ng a mask to dope a part of the second poly-silicon |ayer with
dopant, pI ur al |t of ope re f.or med. i ng a.secon

phot o- r esi Ry F‘él%? P ‘%1 3“&%& ‘ﬂﬁ ‘F”laH%St%B’Sﬂ‘a aéfSry §ing ?:Bﬁdl‘ fodene
correspondi ng to the channel regions is doped with dopant, and a second
coding 5 spep dfsthpectardpoly-siliconslayes wah egents tioplaraliaof Islopkd trégiofsor@goi Ny
general description and the follow ng detailed description are exenplary
and expl ant@ey andiNe andcadepHinb-rews tisyet tak Manashf atphe dfmuesédonan podissilidon med.
]0 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a top view of a region of

a conventi 9?@:5&@]%3#01@% to {l%ucrh a‘%ill r?u@r&[s%fo%eﬁ%ﬁl\ elo ntvhlﬁi"\’a gécotnlaec m"

conventi ona wn as t ne in Figure |- |gure
top view of a re f atetra-state nask RO\/Ilnapreferred 15
enbodi ﬁentSt%}bE&E%}P (fo the invention, Figure 4a to Figure 4f show the
cross sectional views of the process of fabricating a tetra-state mask ROM
shown as the |iHelsAwAbe|ypdergepd tBat Ppiurle BHegnEiggueal Sesaimpent el Eross
sectional views of the process of fabricating

following detailed description are exemplary and explanatory only and are not restrictive

of the invention, as claimed.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 1s a top view of a region of a conventional mask ROM,;
Figure 2 1s a croés sectional view of the conventional ROM shown as the dash line
2-2"1n Figure 1;
Figure 3 is a top view of a region of a tetra-state mask ROM in a preferred
15  embodiment according to the invention;
Figure 4a tp Figure 4f show the cross sectional views of the process of fabricating
a tetra-state mask ROM shown as the line A-A’ in Figure 3;
Figure 5a to Figure S5f show the cross sectional views of the process of fabricating
a tetra-state mask ROM shown as the line B-B’ in Figure 3; |
20 Figure 6a to Figure 6f show the cross sectional views of the process of fabricating
a tetra-state mask ROM shown as the line C-C’ in Figure 3;
Figure 7 is a simple schematic diagram of a tetra-state mask ROM in a preferred

embodiment according to the invention.



a tetra-state nmask ROM shown as the line B-B in Figure 3; 20 Figure 6a to
Fi gure 6f show the cross sectional views of the process of fabricating a
tetra-state mask ROM shown as the line CGC in Figure 3; Figure 7 is a
sinple schematic diagramof a tetra-state mask ROMin a preferred

enbodi nent according to the invention. 5 DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Referring to Fig. 3, Fig. 4a, Fig. 5a, and Fig. 6a, a

sem conductor substrate 300 is provided. The substrate 300 conprises a
source/drain region 310 to forma hurie | region 320 to
separate the sourceﬂHﬁﬁUHPTé@Pbﬁr13ﬂapggﬁgﬁg{%%Iﬁ@?&ﬁgﬁgﬁQgg 5 agate oxi de
| ayer 33, a first poly-silicon |layer 34, and a spacer In Fig t he

35.
channel regi orRg@20inbuo thes, Eqmﬁalﬁgs&aaﬁdFSE6#e@$%ﬁ°®0@0“55§@%@ﬁﬁ @%@lon
302, a third region 303, and a fourth region 304. Referring Fig. 3, Fig.

4b, Fig. 3Boviabd Frigk sfBiraldSio0EonpRed asomsk/drabregat 8d0 tadenr dibngied bit
certain process, a first photo-resist layer 37 is forned to cover the

substrate . 10 3&0 n819§§%18ﬂg.)Zthg%\%%%ngSo%%%}err%%bgnar% 022096 b fembledry

region 30315f 2 FHE regi are exposed to per orma first coding
step. The second region 3 t he i.an. 303 t gq nnel,Legi on
320 aré ddbéﬂeﬂb@ﬁ“ﬁﬁbahr”%F qéiﬁﬁﬂ‘g5mbyiab aSPmmfantal}gg ﬁ nn%
t hreshol d voltage of the doped channel region 38 is different from
undoped chaphel320efgitber G2ristsa ReftaegipngOt o2 Ficgnd 4eyioRp g2, agigird éﬁﬂOFP 6c
the first photo-resist layer 37 is renoved. A thin filmtransistor OXIde
| ayer 39 igd proved ragidnpatt erned over the substrate 300, after etching
part of the thin filmtransistor | ayer 39 and the first poly-silicon |ayer
34, avia Referring Fig. 3, Fig. 4b, Fig. 5b, and Fig. 6b, using a photo- -mask fabricated
according to certain process, a first photo-resist layer 37 is formed to cover the substrate
10 300 Coding windows, the second region 302 and the third region 303 of the channel
region 320, are exposed to perform a first coding step. The second region 302 and the
third region 303 of the channel region 320 are doped with dopant, for example, by 10s
implantation. Thus, the threshold voltage of the doped channel region 38 is different
from the undoped channel region 320.
15 i Referring to Fig. 4c, Fig. 5¢, and Fig. 6¢, the first photo-resist layer 37 is removed.
A thin film transistor oxide layer 39 is formed and patterned over the substrate 300, after
etching part of the thin film transistor layer 39 and the first poly-silicon layer 34, a via
hole 40 which exposes the buried bit line 310 is formed.
Referring to Fig. 4d, Fig. 5d, and Fig. 6d, a P-type doped second poly-silicon
20 layer 41 is formed over the substrate 300. Referring to Fig. 4e, Fig. Se, and Fig. 6,
using a photo-mask 43, the second poly-silicon layer 41 is doped with an N-type dopnat.
The source/drain region 310 corresponding to the second poly-silicon layer 41 is then

transformed to an N-type doped region 42. By assembling the thin film transistor oxide

layer 39, the second poly-silicon layer 41, and the N-type doped region 42, an inverse thin



hol e 40 which exposes the buried bit line 310 is formed. Referring to Fig.
4d, Fig. 5d, and Fig. 6d, a P-type doped second poly-silicon 20 |ayer 41
is formed over the substrate 300. Referring to Fig. 4e, Fig. 5e, and Fig.
6e, using a photo-mask 43, the second poly-silicon layer 41 is doped with
an N-type dopnat. The source/drain region 310 corresponding to the second
poly-silicon layer 41 is then transformed to an N-type doped region 42. By
assenbling the thin filmtransistor oxde |ayer 39, the second
poly-silicon layer 41, and the N-type doped region 42,. an inyer thin,6
film transifdngransistaistuears & Popsfed. TheHe!y thfgfisrsﬁ‘?"t%‘#s ag?rgkfgjﬁqug%r
39 is functioned as a gate oxide |ayer, the second poly-silicon |ayer 41
is functiongdch gae axilebsjer tt agcandcboly-hilicn taypes displdctiangd ¢a a4pibptgtate, and
functioned as a source/drain region. Referring to Fig. 4f, Fig. 5f, and
Fig. 6f, a @earnfleRBREPreuRM Mtis fiddabnddsasidoest/dain rbgibhe thin film

transi stor, whereas second coding w ndows are exposed. The second coding
wi ndows are the ird regio r i e
region 320. TheﬁQ%%Sﬁ&Og%ﬁgﬁgﬁgi2@%“@2@%%90 §$%%FP%§QJggﬁgﬁ%ﬁkgﬁpﬁgﬁeﬂ
transi stor corresgonding to he third region SQﬁ{and the fourth regi on 304
i s doped withh HEpHIR rangptopx AREIERS SERPIE oI BT f‘r(?n.eXpPﬁeé(ref 0 ee,seqloﬂg

t hreshol d voltage of the undoped poly-silicon layer 41 is 10 different from
t he doped paldnsivindown atatherthiabregkne Serdrite photioregiesi3dt afdleehangeljrggion
removed. The back end process is then perfornmed to conplete the fabrication
-of netal w10 ngrirN@csNpEgsilicamthyehus thedint@td ehiss fith eransistor RGvksipendiiogred.
“In the invention, a tetra-state nask ROM of a double | ayered structure

fabricated - ' t R ol i i
Rer e 1 ng 1§ T e P P e T B e B 4% ne

channel regfn?prl]an?)ta%tPonl. S h(e)Fefcgjr%Pﬁl% t‘i\pers%{ghvorltgge ];)k IEhset undoped poly-silicon layer 41 is

10 different from the doped poly-silicon layer 45. The second photo-resist layer 44 is
removed. The back end process is then performed to complete the fabrication of metal
wiring and contact, and thus, a tetra-state mask ROM is formed.

In the invention, a tetra-state mask ROM of a double layered structure fabricéted
by two coding steps has four different threshold voltages. Referring to Fig. 3, on the

15  substrate 300, the first region 301 of the channel region 320 is not doped through the first
and the second coding steps. The second region 302 is doped in the first coding step
only. The third region 303 is doped in both the first-and the second coding steps, and
the fourth region 304 is doped in the second coding step only. Referring Fig. 7, for the
transistor memory cell 71, the threshold current of the first buried bit line is 11, and the

20  threshold current for the transistor memory cell 72 of the second buried bit line is 12.
When the result of the first coding step is set “on”, and the result of the second coding
step is set “off’, a current of 11 is obtained  If the results of the first and the second
coding steps are both “on”, a current of 11+12 is obtained. If the result of the ﬁrst.

coding step is “off” and the result of the second coding step is “on”, a current of 12 is



and the second coding steps. The second region 302 is doped in the first
coding step only. The third region 303 is doped in both the first and the
second coding steps, and the fourth region 304 is doped in the second
coding step only. Referring Fig. 7, for the ‘transistor nenory cell 71, the
threshold current of the first buried bit line is 11, and the 20 threshold
current for the transistor menory cell 72 of the second buried bit line is
12.  Wen the result of the first codisng step is set "on", and the result
of the second coding step is set "off', a current of I1 is obtained. If

t he resul t sb@fneihewHersss, it dehdtsseelntirst satlihagesindpodmpetdpotate SeoHofl”,a
current of 11+12 is obtained. If the result of the first coding step is
off' and gbﬁvﬁeétu bt isOE?tfam%d.S epomd dARILAOFEGR afe 0BRinedawRHT foRPtdiféred2 1S
7 obt ai ned. ereas, If the results of the first and the second coding
steps are set "off'. a curre of, 0 is obtained Four different 2Nt s
are obtai ndy ewﬁ] veliages i ?‘;}lﬂeg%’ﬁe’ Bvhiag h%ﬁaldn R/(?Fetpzsa’géls Eetlflﬁsé?tgf rgrgg(, W \%0
coding steps, a tetra-state mask ROMis fabricated. 5 Therefore, one of

t he char act@xicgtefics of the invention, is the formation of a double |ayered
transi stor structure. The upper layer is an inverse thin filmtransistor,
sharingsa pol y-Tictdf@enoteayfahe wharhctedieics pétiwiisvantionfis theeforroatem dfaaydoubleThe

di mension of the structure is reduced. Another characteristic of the

i nvention igctdatad¥idStsto BRANE: F/8PS antiersel@ir AIRNEhSIRES shdring 4 Wo
different threshold voltage respectively, are assenbled to forma

‘tetra-state ggsisllll(coﬁqvl'er rgsfinw?trhe%mm%glgtiorrr%mheq%wtep?a(\)'iapveﬁ]tei 091%69@14414 ofRREAL e

* those skil P8 hChd A rom consideration ‘the specification an

practice of the invention disclosed herein. It is
is reduced.

Another characteristic of the invention is that by using two coding steps, two

10 transistors with two different threshold voltage respectively, are assembled to form a
tetra-state mask ROM.

Other embodiment of the invention will appear to those skilled in the art from

consideration of the specification and practice of the invention disclosed herein. It 1s

intended that the specification and examples to be considered as exemplary only, with a

15 true scope and spirit of the invention being indicated by the following claims.



i ntended that the specification and exanples to be considered as exenplary
only, with a 15 true scope and spirit of the invention being indicated by
the following clains. 8 WHAT IS CLAIMED IS: | . A nmethod of fabricating a
tetra-state nmask read only nmenory, conprising: providing a sem conductor
substrate having a gate oxide layer, a first poly-silicon |layer, a
plurality of source/drain regions, and a plurality of channel regions; 5
performng a first coding step to a pgt of the channel regions, by using a
first photo-resist layer as a mask to dope the part of the channel

regi ons; foWHAG 18 GUIAIMEDIIf t ransi st or oxi de | ayer over the substrate;
patterning a plurality of via holes to expose the source/drain regions, by
removing a part jof Athenbhbpfabhitatinrateahstae maxk dadloajyenermony, tdrepgang oxi de
| ayer; 10 formng a second poly-silicon |ayer on the thin filmtransistor

oxide |ayer; usi g%ﬁd i35 l§er¥11%f)ﬁi ?orasugﬁﬁte Ahvib e gﬁﬁm RArya Gidt Ip@B’DSIiI@)\ﬁer

with dopant to forma ®plurality of doped reglons usi ng a second
photo-resist |ayer as a , | e on - silicon
| ayer corr els’éfﬁrnélpilfﬁa]ﬂté' Otfﬁ‘é“rﬁ?{gfﬂ‘(gf%g’é‘éi S B\Hah' yd% C% ﬁnel ger?cf%sérfor nng a
second 15 coding step. 2. The nethod accordlng to cI erein éh
channel fegions @©ﬁ©$mééath¢F@%@ plegitert Pt 96 %h@“Wé ”°”§ Shitee Aegron
and a fourth region. 20 3. The nmethod according to cla|n12, wherein using a
first phot ophesistist layens asnak tordspe hapadapitimgcltaneelpegionof t he channel
regions further conprise: formng the first photo-resist |ayer over the
_'SUbSt rate; forming a thin film transistor oxide layer over the substrate;
patterning a plurality of via holes to expose the source/drain regions, by removing
a part of the thin film transistor oxide layer and the gate oxide layer:
10 forming a second poly-silicon layer on the thin film transistor oxide layer;
using a mask to dope a part of the second poly-silicon layer with dopant to form a
plurality of doped regions; and
using a second photo-resist layer as a mask, doping a part of the second poly-

silicon layer corresponding to the channel regions with dopant, and performing a second

15 coding step.

2. The method according to claim 1, wherein the channel regions comprise a

first region, a second region, a third region, and a fourth region.

20 3. The method according to claim 2, wherein using a first photo-resist layer as a
mask and doping the part of the channel regions further comprise:
forming the first photo-resist layer over the substrate;
patterning and removing a part of the first photo-resist layer to expose the second

region and the third region of the channel regions;



patterning and renoving a part of the first photo-resist |ayer to expose
the second region and the third region of the channel regions, 9 doping
the second region and the third region of the channel regions; and
removing the first photo-resist layer. 4. The method according to claim1,
wherein the second region and the third 5 region of the channel regions
are doped by ion inplantation. 5. The nethod according to claim1l, wherein
the second poly-silicon layer is a P-gype poly-silicon layer. 10 6. The

met hod accor di ng,Lo¢hiddbd ég&b%f £ldnht heradeped ofag @afnareiomoiiespondi ng
to the source/drggfnngreg%ons.r . The neth%d gccordin, to claim1, wherein

t he doped regions are doped with N dopant. 15 8. The net hod accordi ng
to claim®, mhef@?ﬂ“?%gmﬁﬁf éﬁ%B%E%#xgg doped by ion inplantation. 9. The
met hod according to claim2, wherein using a second photo-resist |ayer as
20 a mask and dopi ng the second poly-silicon |ayer corresponding to doped
channel regions further conprise: formng the second photo-resist |ayer
over the substr at e, Theahttbohiangprding toertomi hgwherpiarthe stcanderegioa g the third
photo-resist |ayer to expose the second poly-silicon |ayer corresponding
to the secqopdor epiRrhand tddtonshrd @bge@®yadn Bhplahetidih

5. The method according to claim I, wherein the second poly-silicon layer is a

P-type poly-silicon layer.

10 6. The method according to claim 1, wherein the doped regions are

corresponding to the source/drain regions.

7. The method according to claim 1, wherein the doped regions are doped with
N-type dopant.
15
8. The method according to claim 6, wherein the N-type dopant is doped by ion

implantation.

9. The method according to claim 2, wherein using a second photo-resist layer as
20  a mask and doping the second poly-silicon layer corresponding to doped channel regions
further comprise:
forming the second photo-resist layer over the substrate;
patterning and removing a part of the second photo-resist layer to expose the

second poly-silicon layer corresponding to the second region and the third region of the



channel regions; doping the poly-silicon |ayer corresponding to the second
region and the third region of the channel regions; and renoving the
second photo-resist layer. 5 10. The nmethod according to claim9, wherein
the second coding step is a doping step by ion inplantation. 11. A nethod
of fabricating a tetra-state nmask read only nmenory, conprising: 10

provi ding a sem conductor substrate having a gate oxide |layer, a first
poly-silicon |layer, a plurality of S?Hrce/drain regions, and a plurality
of channel dche@ePRgioMsi ch conprise a first region, a second region, a third
region, and a fourth region; formng a first photo resi st |ayer over the

substrate; patt r{lgth%gb%l)f 'snflécgn &Bgi ?%xrr(%?bﬁcix Y &fe &0 gé%@%n the tﬁ@‘%ﬁ’iﬂf‘

region and the t |on frrst coding step, doping the
second and the tPlrd re ons formng a th|n filmtransistor oxide |ayer
over the sUbsPra gw‘ﬁéﬁ F%w%ﬁ e thin filmtransistor oxide layer to form
a plurality of via holes to expose the source/drain regions; 20 formng a
second pol y-si | ire@avingyles segpnd plotpipsstilaem t ransi st or oxi de | ayer; using a
mask to dope a part of the second poly-silicon layer with dopant to forma
plurality of doped regions; formng a second photo-resist |ayer on the
second poly-silicon |ayer; patterning the second photo-resist |ayer to
expose the poly-g | igRNnEAYEaccording to claim 9, wherein the second coding step is a

doping step by ion implantation.

11. A method of fabricating a tetfa—state mask read only memory, comprising:

10 providing a semiconductor substrate having a gate oxide layer, a first poly-silicon
layer, a plurality of source/drain regions, and a plurality of channel regions which
comprise a first region, a second region, a third region, and a fourth region;

forming a first photo-resist layer over the substrate;
patterning the first photo-resist layer to expose the second region and the third
15  region;
performing a first coding step, doping the second and the third regions;
forming a thin film transistor oxide layer over the substrate;
patterning the thin film transistor oxide layer to form a plurality of via holes to
expose the source/drain regions;

20 forming a second poly-silicon layer on the thin film transistor oxide layer;

using a mask to dope a part of the second poly-silicon layer with dopant to form a
plurality of doped regions;
forming a second photo-resist layer on the second poly-silicon layer;

patterning the second photo-resist layer to expose the poly-silicon layer



11 corresponding to the source/drain regions; performng a second coding
step, doping the second poly-silicon layer corresponding to the third
region and the fourth region; and renoving the second photo-resist |ayer.
5 12. The nethod according to claim 11, wherein the first coding step is
performed by ion inplantation. 13. The nmethod according to claim 11,
wherein the second coding step is 10 performed by ion inplantation. 14.
The method according to claim 11, whejgin the second poly-silicon layer is
a P-type doped poly-silicon layer. 15 15. The nethod according to claim

11, wherei eor}ég?ompg% thegb@Rs/defi®rdgsri¥ed by doping N-type dopant into the
second poly-silicon:
performing a second coding step, doping the second poly-silicon layer

corresponding to the third region and the fourth region; and

removing the second photo-resist layer.

12, The method according to claim 11, wherein the first coding step is

performed by ion implantation.

~

13. The method according to claim 11, wherein the second coding step is

10  performed by ion implahtation.

14.  The method according to claim 11, wherein the second poly-silicon layer is a

P-type doped poly-silicon layer.

15 15. The method according to claim 11, wherein the doped regions are formed

by doping N-type dopant into the second poly-silicon.



